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SEMICONDUCTOR DEVICE TESTING a "non-enabled" state (so-called "driver setting* 5 ), the pull-up 

APPARATUS, SEMICONDUCTOR DEVICE circuit may first of all be switched on and the pull-down 

TESTING SYSTEM, AND SEMICONDUCTOR circuit may be switched off (then, a "logically high" output 

DEVICE TESTING MET HOD F OR signal level is driven by the driver device). 

MEASURING AND TRIMMING THE OUTPUT 5 Cttke _^ w , * mfolBflM ^h*<*« a. oK,™^ 

TfenwnAww rw? rvorvrco nPAfirrc Subseanentiy, a reference voltage ts applied to the above- 

IMPEDANCE OF DRIVER DEVICES mentioned output pad-<xg. by means of a corresponding 

FIELD OF TFTP INVFNTIOM signal needle—, and the current flowing torn the supply 

voltage via the pull-up circuit to the output pad is then mea- 
The disclosure relates to a semiconductor device testing so ***** fo1 a!l P 0881 ^ ^ver settings, 
apparatus, a semic on ductor device testin g system, and * semi- From the current measured* the respectivciy applicable 
conductor device testing method, in particular a method for output impedance of the pull-up circuit may be determined 
measuring or trimming, respectively, the impedance of driver for the respective driver setting in a manner known per se (and 
devices provided in a semiconductor device. thus mat driver setting may be selected at which the output 

is irnpedanceofto pull-up circuit corresponds — espreciseryas 
BACKGROUND SECTION possible— to the desired pull-up circuit output impedance). 

Subsequently (correspondingly vice versa), the pull-up cir- 
Semiconductor devices, e& appropriate, integrated (ana- curt may be switched off and the pull-down circuit may be 
log or digital) computing circuits, serokondfoctor memory switched on (so that a "logically low" output signal level is 
devices such as tactions! memory devices (PLAs, PALs, 20 u^ driven by to driver device), and— again for all possible 
etc*) and table memory devices (eg. ROMs or RAMs, in driver scttmgs~-Uit current then flowing from the output pad 
particular SRAMs and DRAMs), ete> are subject to compre- via topukVdowu circuit to to groumi may be measured 

^^r^^^X^^^^ 1^ to current measured, the respectively applicable 
D^mvtf^^ outpiitmnxsdanceofthe^ 
DRAMs (Dynamic Random Access Memory or <rynamic as mu^fcr^^^^ 

SS^S^'lffiffi^Hi^^ Stmts tnliQ^sS^ selected at which to 

predsefyaspossmle--4otodesh^ 
su^meT^ mipedance of me nnpedance (wherem 

Evew driver device nay e a can^ * 
pull-down eircu&beu^ In the case of this trimming method, however, the problem : 

The pull-up circuit is eg. connected to the supply voltage, arises that— der^Kimg on to degree of dirtying of the signal 
and the pull-down circuit is connected to togrxnml *^^*™ m F^? m *^ 83 ^ine^abovej 

tooutinn^a«k^Omr(dux^ 35 a(refe«sc«)voUageisaw^to to C4ift3utpad~^to signal 

of the semiconductor device), to pull-up circuit may be o«dle contact resistance may vary strongly, 
switched on, Le. be put in a conductive state, and to pull- The respective signal needle contact resistance infin~ 
down circuit may be switched oft Le. be put in a locked enccs — in a way difficult to predict — the current flowing 
state— ton, a "logically high" output signal will be output at through to output pad (and thus — in a way difficult to pre- 
an output pad connected between me pull-up and the pull- 40 diet— the respective value determined for me output imped- 
dawn circuits, ance), 

CkutespmKhngly, for outputting a logic (T-^Juriug the Therefore, with to above-described method, the output 
regular operation of the semiconductor device — , the pull-up impedance can be set with relatively small accuracy only, 
circuit is switched 0% ie, put in a locked state, and to 

puil~down circuit is switched on, i.e. put in a conductive state, 45 SUMMARY OF THE INVENTION 

so that, corresrjondingly, a "logically low** output signal is 

°^f.« te ^S^^f:ft^ A A semtctmductor device testing apparatus, 8 novel semi- > 

The pull-up and to pull-down circuits may e. g. each com- conductor device testing system! a^ovel senuconductor 
pnse a plurality of transistors connected ^parallel (e^. to ^vice, and a novel sen^n^ 
puH-up circuit a plurahty of p-charmel MOSEETs and to 30 parotKaov^ 

P**"^^ mipeda^d^^^ jpSStoTS 

Ttieoutputnnpedanceoftota <xmductc* devke. 

f^LS ^ £f T^SSS*** dc ^ **^very, may be M accordance with a basic idea of to mvention, a method 

adapted during to testing operation of to semiconductor «^wwwwhu«ws», 4Uca w * ~ 7^ ^ »u»«wu 

£*ke (iZmto J^^$Sm^taS^S^ 55 £f m « sa J ix « °* V*™™*' respectively, the impedance of 

tohnpedanc*ofu^ * ^S^S^ 

by means of a so-called laser fuse method fiom chip to chip vi&^herem a device compnsmg a pnll-up cwudanda 

(U torn chivi* device to drr^ r^l-<^cuxu»Mn particular admjer device, is used, and 

of Wsistors in to respective driver o^cesr^tTto wharem the method comprises to fcUowing steps: 

"euabled" state (i.e. is later on, during to regular operaaon of to J oim acuS ? tin S ° r °oth to puli-up circuit and to pull- 

the semiconductor device, used for driving signals), or is left down circuit; and 

in a "non-enabled" state (i.e. is later on, during the regular determining of the current <l, owVc> ^) flowing through the ^ 

operation of the semiconductor device, not used for oMving pull-up circuit or the pull-down circuit* respectively, 

signals). " wUh^omUy---actrvated pull-up and pull-down cir- 

m order to determine how many (or which) tinnsistors are «s etitts, 

to be put in an "enabled" state by means of to laser fuse Advantageously, to method a&lrticmaify comprises to 

method, and how many (01 which) transistors are to be left in following step: 
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determining ofthe voltage (U,*^) available at the pull-up dynamic read- write memories, respectively) with double data 
circuit or the pull-down circuit, respectively (or an out- rate (DDR DRAJMs=*DoubIe Data Rate DRAMs), preferably 
put pad* respectively) with— jointly — activated pull-up high-speed DDR DRAMs). 

and pull-down circuits, Tbe voltages or test signals, respectively, necessary for 

It is of particular advantage when tbe above-mentioned 3 testing tbe semiconductor devices 3a, 36, 3c, 34 3*. 3/ are 
method steps are performed several times in sequence— al- generated by a testing apparatus 4 and are output at corre- 
ways with diierent settings of transistors comprised in tbe sponding pads 6 of the testing apparatus 4. 
pull-up or pull-down circuit, respectively* As is Anther illustrated in HO. 1, tbe pads 6 of the testing 

From the respective voltage (U^***) determined for the apparatus 4 may (via corresponding lines, here: a number N 
corresponding settings, and from the respective current 10 of lines 7) be connected to corresponding pads of a senncon- 
tt** c»rr) determined for the corresponding settings, that ductora^cepTObecaid8 wM^^ 
driver setting may be fctermined at which the output imped- s needles 9a, 9b being in communication with the probe card 
auceof the putt-upand pull-down circuits corresponds-H* pads-~may be connected to corresponding (tea) pads Iflo, 
precisely as possible— to the desired puU-up and pull-down 106 provided on the semiconductor devices 3a, 36, 3c, 34 3c, 
circuit output impedance, as will be explained in detail further 15 3/ 

below. The voltages or test signals, respectively, output by the 

Since the above-mentioned voltage (U otMftIM( ) canbemea- testing apparatus 4 may thus— via the Ones 7, the contact 
sured current»&ee (or almost current-tree^*^ measuring needles, 9a % 96 of tbe senriconductor device probe card 8, and 
result is not (or only slightly) influenced by an — uncontrol- the c or responding semiconductor device pads 10a, 106 — be 
labty strong — dirtying of a signal needle used for measuring 30 applied to the respectively desired semiconductor device 3a, 
the above-mentioned voltage (JJ^^J) and contacting the out- 36, 3c y $<L 

put pad. Thestgnalsthat areoutputat corresponding semiconductor 

Therefore, by means of the method according to the inven- device pads 10a, 106 in reaction to the test signals input (or 
tion, the output rmpedance of the respective driver devices _ teaimat3«sulD^fi^ 

may be set with higher accuracy than Is the casern prior art are tapped by the correapon o ln e contac t needles 9a, 96 ofthe 

senuconAiclordevieepfobee«^8 andarot^toconespond- 
BRJEF DESCRIPTION OF THE DRAWINGS ^ pads of the testing apparatus 4 via the above^entioned 

lines 7, where an evaluation ofthe corresponding signals or 

fcfe following, ttei^^ , 

means of anhodrments and to enclosed drawing Tbe draw- FIG. 2 tlmstnrtes a schematic detail representation or a 
ing shows* " portion ofa semiconductor device to be tested as Illustrated m 

HO. Uscbematic representation of the basic sttcture of ^^ZS^^^^S^f 

wir» * v * ^ designed such that a method pyrnwif^fffnff ff«d t r * fBmf| i lft g f ^ 1 

FIG. 2 a schematic detail ^esentation of a portton of a o^nutlr^^ 

^{^SS^^^ T ^ pojLsignffl 

S£ 0 JJ^^^^^ 8 ^ in4 ° Pn ^c senuoonductor device 3a corrtprises a plurality of 
^Sf? ^^*ZT ^V**^*"* , driver devices 12, ea^ having a pK ch^ 
J^^^X^^^^S^fA r^dc^ circuit 136 

sern^nductor device to be tested as illustrated in FIG 1, as As is illustrated in FIG. 2, the pull-up circuit 13a is-**'. 

£^tl ^^i^^^^ 6 ^^ ^ 45 e^. v« a line 141— to the pull-<^ circuh 136 which-eg. 

in^edance of sernicond^tor device driver apparatuses in ^ a Hrrel4c^ connect a ground connect 

accordance with an embodiment ofthe present invention can * \Z TtT^ ^TT. 1 ^ „ ~TT^ Jr T 

be performed ' vo« ^ ^ |46— andthus also the pull-up and me pull-down 



DETAILED DESCRIPTION 



circuits 13, 136 — arc connected to an output pad 1 5c via a line 
144 

For outputtmg — later, during the regular operation of the 

* ^ . tS ^ . ^ . . semiconductor device 3a~~a 4t Iogic One" the pull-up circuit 

FIG. 1 slwwsjftsche^ iia is-^oontrolled by a control device 16o--acttvated or 

^?nA^!^,?^^^^ gS> ^ to0 t ^ sedwnhthg switched on, respectively, La put in a cratduchve state, 
present mvenaon. ^ Sinmhanec^sry.tliepulW^ 

This system serves to test semiconductor devices 3a, 36, control device 166— de-activated or switched o& respec- 
3c, Sd, 3c, 3/positioncdon a silicon disc or a wafer 2, rcspoc- Uvdy, i.e put in a locked state. At the output pad 15c con- 
tivefy, in particular to measure the output impedance of driver nected between the pull-up and the poll-down circuits 13a, 
devices provided on the respective semiconductor device 3a, 136, a "logically high** output signal will then be out-put 
36, 3c, M3*,y, and to adapt same to the unpedance ofthe Coaespondingfr, for outpxrtting a "logic 0", the pull-up 
signal lines. circuit 13a is— controlled by the control device 16a— de- 

foe semkxmductor devices 3a, 36, 3c, 3o\ 3c, ymay eg. activated or switched oft respectively, i.e. put in a locked 
be afmropriate, integrated (analog or digital) coimwting cir- state, and die pull-down circuit 136 ia— controlled by the 
cults, or senuoonductor memory devices such as functional control device 166 — activated or switched on, respectively, 
memory devices (PLAs, FALs, etc) or table memory devices 63 ie. put in a conductive state. A "logically low** output signal 
(eg. ROMs or RAMs), in particular SRAMs and DRAMs will uien be output at the output pad 1 Sc connected between 
(here eg. DRAMs (Dynamic Random Access Memories or the pull-up and the pull-down circuits 13a, 136 



Page 4 of 7 



US 7,126326 B2 

5 6 

The pull-up and the pull-down circuits 13*, 136 each com- The semiconductor device 36compnses— Ifcethe remain- 

prist a plurality of transistors connected in parallel (eg. the ing semiconductor elements 3a, 3e. M 3*. yon the wafer 2 

pull-up circuit a plurality of p-ehannel MOSFBTs, and the illustrated in FIG. 1— a plurality of driver devices 112 each 

pull-down circuit a plurality of n-chaimel MOSFBTs). having a pull-up circuit 113a and a pull-down circuit 1 136t 

m order to determine how many or whi^ s The pull-up circuit 113* is— e.g. via a line 11 4a — con- 

be used during the later regular operation ofthe semiconduc- nected to 8 supply voltage pad 115a and— e.g. via a line 

tor device 3a, and which are not to be used (i.e. for adjusting 1 146— to the pull-down circuit 113* which— e.g . via a line 

the driver setting and thus the output impedance), the pull-up 1 14c— is connected to a ground connection 1156. 

circuit 13a is— as is illustrated in FIG, 2 by the continuous Theline 1146- *nd thusalso thepull-upandthepuiMc^ 

^S^!!!?l 0n, %*L?* *? k ™- 2 £ 10 cux^li3,113^^coimec^ 

broken lines— (he pull-down circuit 136 is switched off alincll4i£ 

Furthermore, a supply voltage Vddq is apphed to the volt- Fcroutnuttmg— lata,durm 

ajejajpply pad 15a by means ofthe needles 11a, llfc lie semiconmmtorta^ 

^^t^i!^^^ ( ^^ me< ^ <Wn 15 switched on, respectively, Le. put in a conductive state. 

S^S^ rr ^, _ Simultan*nuuy,merju^^ 

KBtbermore, £ voltage is apphed to the output pad s control device ll$^^actrvated or switched o$ respec* 

c °tt^^<^**j* tively, Le. put in a locked state. At the output pad 115c con. 

^t^S^t"^^^^ ^ between &epuB-im and the i>ufr 

^r^S^^^i^ 5 ^!^ ^^^W- Corres|Kmdingly, for cubing a "logic <T, the puuVup 

^^^^^^l^TTT^^ ^ activate* or switch*^ 

^l^f* *t m ^ a !f ed <** 15 state, and the puU-down circuit 1136 is-<*>ntrolled by the 

nSESn ^^j^^W;^ and me amount of the control device 116c— activated respectively, 
^T^hi^^ ***** *** 111 accontece putina conductive state. A "logically tow" output signal 
wnnmeftemula (eg a wftage !evd of0 V)wm then oe output at Uieou^ut 

WvK"/MM*rtWy' *rt 115c connected between the pull-up and the pufl-down 

circuits 113a, 113& 

foe respectively apj^ The puU-up and me pull-down drcuits 113a, 1136 each 

puD-up circuit may be detennined for me respective driver comprise a plurality o£ eg. 4, transistors connected in paral- 
setting (and thus that o^wsem^ may besefectedat wlu<m lei (e^. the pull-up circuit a plurality oC e£. 4, p-channel 
ftepufl~up circuit— as pre* „ MOSFBTX and the pull-down circuit a phmdity at, e*g. 4, 
asdy as rx>ss^Ie— «xrresrxmds to the desired puU-up circuit n-charmei M0SFE1S). 
° U ^^?^ Ce The sources of me (pull^ 

Subscquen%(^^ connected whn one anomervmappron^ 

desenbmabove), tbepuU-upcircuit Bamaybeswitchcdofl; above-mentioned line 114a to me suppry voltage pad 115a. 
andihe puU-downc^ 4Q Furmermore— by means of appropriate, mrther lines— me 

logicallylow^onriwit drams ofthe (pull-up) p-<marmei MOSFBTs may also be 

device I2X and— agam for all possible driver settings — the connected with one another, and may be connected to the 
current T then flowing from the output pad 15c via the puU- output pad 115c via the above-meimoned line 1146 and me 
down circuit 136 to the ground may be measured (and me above-mentioned line 1144 

^^^l^^ 0 ^ 5^c*^ of me 45 Correspondingly sumlai; the sources ofthe (rjuU-down) 

my ? tcrmmc4 te res P cctivic n^janndMOSFETsmaybecc^mec^ 
S^^£ ^ft^f 01 f mta8ma (wnesrxjndingjy appropriate lines, and with the ground coune^n 1156 via 
snmiar as described above)) the above-mentioned line 114c; and the drains of me <puS- 

mtte w *y^ to me puU-up circuit 13a— down) n^hannel MOSFBTs may be connected with one 

maumver setting may detennined at which the oinput 50 another, and to me above-mentioned line 1 146, 1 i4d 
^^^S^.f^S^T SS^ 1 ^, t** output mipedance ofthe driver device 113 or of the 

fimtedrivercte^^ 
^^S^J^^^ rt «f^ w ^ rnay. during the test operatic 
S^f^ ^S^SlS £** ^ve-menuoned (i^ m the scope ofthntove-mentioned output mipedance 

(desired) pul^up arcmt output impedance Wcj, or ss treasuring and trm^ 

^p^-*&M*str**h ance of the signal lines &g. by an appropriately selected 

FIG. 3 illustrates a schematic detail representation of a number of— or approwiately chosen— transistors in the (te- 
pomonof te seniicoriG^r device to be test^ as iliustrated spectrve) driver device 112 (in particular an appropriately 
m Fio. 1 (here: a portion of the semiconductor device 36), selected number of— or apnropriately chosen— transistors in 
Tif^^ ae ^ S ^^^^I*^ 96 * ** weU ^° thepull-upchmtli3«andanappropm 
fi,A^?f lllc * Ml * UU ' of-or appropriately chc^en-SStors in me pull-down 

i 1 V) which are arranged or designed such that a method for circuit 1136) being, try rneans of a-i>eT» 
measuring andtrunming the output mmedance ofscmicon- method, put to an 'totbW* state (i.e. are later on, during the 
Victor aevro driver ^c^vtces (in particular for adapting foe regular operation of the semkonrfuctor device, used for the 
oiuputunpe^ai^ « driving of signals), or being left in a "non-enabled" state (Le. 

perfonn^ amlatiffon,durmgmeregularc^ 
invttt ^ device, not used for the drtving of sisals). 
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In onler to determine bow many or which transistors 113*, 1136 are— each controlled by appropriate control 
exactly arc to be put in an "enabled* 1 state in the correspond- devices 1 16a, 1 16*— de-activated or switched off, respeo 
ing pull-up or pull-down circuits 113a, 1 136 by means of the lively, i.e. put in a locked slate (and thus the semiconductor 
laser ruse method, and how many or which transistors are to device 36 is put to an idle-Zctock stop state) ; subsequently, the 
be left in a "noG-enaDled" state (Le> for adjusting the driver 5 current (standby current ^) Sowing from the cone- 
setting and thus the output impedance), in the present sponding testing apparatus pad to the supply voltage pad 
embodiment— other than in the prior art, and as illustrated by 1 ISa , and men from the ground connection 1 15c back to the 
the continuous lines in FIG. 3 — both the pull-up circuit 113a testing apparatus 4 (or to the corresponding testing apparatus 
and the pull-down circuit 1136 are first of aU (controlled by pad, respectively) is again measured, 
the control devices 116a* 1 166) activated or switched on, to This measurement Is necessary when— as in tine present 
respectively, ie. are put to a conductive slate . (In the remain- embw&nent'-not only the above-mentioned driver devices 
ing driver devices still contained in the semiconductor device 112 or output pads 115c, respectively, are— as illustrated in 
36 all pull-up and pun-down circuits are de-activated or FIG. 3 — connected between the supply voltage pad 1 15a and 
switched off respectively, Le put to a locked state (each me ground connection 1156, but additionally flmher devices 
ctmtrolledbycoi^ 15 provided on the scuucoa&xctor device 36 (not illustrated in 
mfrmoned control devices 116a, 1166)). FIG. 3) are connected therebetween (the supply voltage Vddq 

AsisnutheriHustratedinFIG. 3, m the driver device 112, thus does not only servetosupply the (hiver devices 112 or the 

a phua hty of; in particular more than two or three, contact output pads 1 15c, respectively, Le, serves as "pad supply", 

needles (here: the three contact needles lllo, 1116, 111c) but, m addition, serves to su^ 

couu^theabove-meimoneds^ so devices provided on the semiconductor device, Le. serves as 

plurality o£ m particular more than two or mice, contact "chip power supply*"). 

needles (here; the three contact needles 1114 Ul* 11 V) If this is the case, a (^,Qm&)iito^ame&i^^ 

contact the above-mentioned ground connection U56 flrws y i«n in tv> abo^mcationcg tdWclock frrrp <rtn tr ft"n» 

The contact needles lllo, 1116, 11c ate connected to one the supply voltage pad 115a through the above-mentioned 

or several of the above-mentioned testing apparatus pads 6 via 25 farther sgtniooaductor device elements through to the ground 

one or several of the above-mentioned hues 7 between the connection 1156 

T^^^^^J^^^^J^}'^ W*z*tm For fhe-«»c*-^^ of me current actually 

t^t C<a Tf^^}l ldt llU > "Vwoonaectod to flowing through the pull-up and the jnul-down circuits 113a, 

1 ^SSz tesUog *8P ara,0S I** 6 via one or 1 mfrnrf not through ^fr^m^fr^ fiplbcrscniicon- 

several further of the above-mentioned lines 7 between the so dnctor device demenu) daring the ab<rvc-mentioned mmuU 

sOTujc^icto tanecusactrvau^ 

K ^^tdt^^^A _„^,^ A pull-up and the poll^^ 

Ihe^tog <W*»tus 4 causes-^ntroSed by a test soft- cunentl j ^has to be deducted ftom me trtal current W 

ware program stored on a testing apparatus memory device determined^the above^stplained way. 

117-Hhat a supply vottagc Vddq is applied to me supply 33 ^ {actt2al (corrected)) to tal current ftwing-- 

voltage pad 1 15a via the corresrx>nding line<s) 7 and the ^^^^S^^^^SSi^^^^ 

contactneedtes lllo, 1116, ilia thcpuH-upan^^ 

itohamore, me testing apparatus 4 causes— also con- ^ follow ™ wpuu WWBfi » rctt * B * w 
trolled by the test software program stored on the testing 

apparatus memory device 117— mat the ground connection 40 U<^"WU^ cf**w**0)> 

cones P° Bdm ^ From the (corrected) values for the total current 

? 5f2^? * * ^V^andthccorrespcmduiglm^ flowing through the pull-up and me pull-down ciremte 1 13aT 

(andthattt« cutout pad 115c— as is illustrated by the broken 1136— which values are different for the respectively diflfer- 

lmesmFIG, is de-activated^ m particular, neimer con- cut driver settings—, and from me amount of the voltage 

necte ^ h Z™™? <** **n*y voltage nor with 43 (here: Vddq) altogether available at the pull- up and the 

^ ^ifL* 0 . e m slgnal sou**))- puU-down circuits 113a, 1136, the total output impedance 

Subsequently--fbr all possible driver settings—the cur- R w of the pull-up and the pull-down circuits 113a, 11 36 (or 

JSfJ^l ^ ^ cjr^ontog testing apparatus of me driver device 1 12, respectively) can be determined for 

X^^^^F*?} " & ^ ttel( ^ 8,aat,8tty ^ respective driver setting, e.g. In acwrdauce with me fbr- 
the pull-up circuit 1 13a and me pull-down circuit 1136 (cl so mula 
the explanations below)) to the ground connection 115c, and 

fina%bacfctothetestn^ ^"^^ <fb»»t4*t2))cr 

testing apparatus pad) is measured (i^ ibr aH cor««rvab!e - f . 

cambmations of transistors respectively "enabled", Le. used (formula tf» 

for arriving of signals, and tt non-enabled ,, , i.e. notused for ss From the above-mcnriVmed (eg - 256 diffiaent) driver set- 
the driving of signals, m the pull-up and in the pull-down tings, now those are selected at wliich the total output imped- ; 
circuits 1 13a, i 136 (ie. wiflti e.g. 16 possible settings for the ance determined corresponds to a desired value of the 
pull-up transistors and 16 possible settings (br the pull-down total output impedance R^^w (or, more exactly, e,g. 
transistors, for a total of 16x1 6 "256 different driver set- those driver settings at which the total output impedance 
Un ^))- 60 R w< ^ determined deviates at most by a preoetermined, low 

Before (or, alternatively: after) the "total current** is percentage or absolute amount from the desired total output 
measured repeatedly, eg. 256 times, in the above-described impedance J^,^^ or a preotternnned number of driver 
nianner— for different driver settings, respectively— the semngsatwteeh toe toutf output 

^standby current** l standby is measured, as wiD be explained is closest to the desired tetalou^hnpeo^nceR^^^. 
more exactly in ^ snowing (cf exrihmauons below). <a The desired total output irnr*slance K^^^ may be 
40 tuts end— wrmaudrrver devices 112 contend m me determined &om the respective values for the (desired) pull- 
sennoonductwrckMcea up circuit output impedance ^^^p^xowdi and the (desired) 
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pull-down circuit output impedance R^^w^^ and driver devices provided with the semiconductor device 3b 

corresponds in particular to the sum of these two output (i.e. each individual driver device of the semiconductor 

impedance desired values (i.e. ^^^^/^^tt^m^ device $b may be calibrated individually), 

^•^vr^^t)' Alternatively, the driver setting determined in the above* 
Ihe pulldown circuit output impedance Rajw^^ 5 mentioned way for a particular driver device 112 may (with- 

(that is desired or is to be set) should have the same value as out Anther, separate measurements being performed) be 

the pull-up circuit output impedance ^^t^usi^d *s taken over for several, in particular for all, further driver 

desired or is to be set), so that the following devices provided on the semiconductor device 3& 

applies: 8 wwWlrtrt ^^/wfc^^ or K w-i<fal ^ In a &rther alternative, no driver 

2>3R#www»^/^ to for the driving of signals (later on, during regular operation o f 

The desired value for R/w^c^^^^ R/^rw«^^ the semiconductor device 36) is used for adjusting the driver 

may, for instance— ooxrespondwgiy identical to die imped- settings, but a test driver device-Hmerely used for selecting 

ance of the respective signal line-be 45 OHM, and, accord- the driver setting m accordance with the above-explained 

ingfy, the desired value fbrR^^^^maye^be^OHM. method— is used, the structure of which is identical to that 

hi a next step— for the above-menttoncd, selected driver is illustrated in FIG. 3 (the driver setting determined by means 

settings, in particular for those driver settings at which the oftfcistemd^verdevieemay then be used corresr^ndinglyfbr 

total output impedance R*^ determined corresponds to the aH driver devices provided on die semiconductor device 3b 

desired value the total output impedance and actually used dating regular operation), 

voltage Uoi^pw available at the output pad 115c is mea- A test driver device of thia kind need not necessarily com- 

stored — with simultaneously activated or switched* on, 20 prise an output pad corresponding to the output pad 1 15c as 

rapectively, pull-up and pull-down circuits 113a, 1136, as provided with the driver device 112 ilhistrated in WIG. 5, but 

described above— (namely m that the voltage available may also be designed without such an output pad (or not be 

between the contact needle 95— that contacts tite output pad conneetedwkhsuenapadtrespe^ively). 

115c— and the amtact needles 11W, tile, lll/-tnat con- Instead of measuring — as described above— the voltage 

tact the ground connection 1 ISb (or, alternatively, thecontact 2s V < ^ pmt at a corresponding output pad 115c, the voltage 

needles 11 l«,UlAltlc that contact the supply voltagcpad U^.^w— cxjrrespondmg to this voltage— may then be mea- 

1156)— is measured by the testing apparatus 4, Le. directly surcd over the pull-up or rjuil-down circuit, respectively, e.g. 

the voltage Vq^^ (or, alternatively, die voltage by a device provided on the semicoriductor device itself (e.g. 

VddQ-U^u^J). an approprkte on-chip voltage comparator). 

Subsequently— for the abov^mentioixxi selected driver so Since, in aH of flu? aiwvenienuancd methods, the corre> 

settings, in particular fcr those driver settings at which the spending voltage (U^^ or U^^, respectively) is mea- A 

^<mtj^jmpedaxu*K w d^ sored current-ftee (or almost cartm-^), the naeasadng 



desired vahjeofthc total outixn imp result is not (or only slightly) influenced Thy a— possibly 
driver setting is selected at which the voltage at the uiicontrollabry higr*-dirtying e.g. of the contact needle 9b. 
output pad 1 15c measured in the ab<Fve-xnenuaned way is as as Therefore, by means of the above-described methods, it is 
close as possible to a respectively desired output voltage possible to set the output impedance of the respective driver 

desired value devices 112 with higher accuracy than is the case in inior art 

Tins output voltage desired value U*«»* should lie as The invention claimed is: 

exactly as possible between the desired voltage level of a i, A method fa measuring 

"logically high" output signai--<>utrjut later on during regular 40 a driver device in a semiconductor de\ac#duriiUi a test being 
operatmn---<here: a levelofeg* 1 .8 V), and the desired ouftmt carried out before the regular operation ofthe semiconductor 
tevei of a logically low" output signal— output later on dur- device, the <irivcr device ofthe semiconductor device includ- 
ing regular opcraticm~-<here: a level of 0 V) (e.g. 0.9 V). ingeach a pull-up circuit and a puB-downdrcufc 

This ensures that R^^, is as great as R^t/^^, (and thus comprising: 

*W-t*> is as great as R^ and R/^.^„ is as great 43 substantially simultaneously actrvating both the pull-up 

asR/vo.^^^). circuit and the pull-down circuit; and 

U is not absolutely necessary to measure the current for all determining a first current flowing through fee pull-up 

the256 different settings, as described above. Conceivable circuit or the puH-down circuit, respectiveiy, with sub- 

aRernauvesaree.g.: stantialry simultaneous ry activated pull-up and pull 

The measurements (current and subsequently voltage) are so down circuits during the test carried out before the regu- 

first of all only rxa*brmed to^ypicar settings (e.g. the lar operation of the semiceoi^^ 

pull-up settings 7 to 10 and the pull-down settings 9 to 2. Amethod tbr measuring and trimming the unpedance of 

I3) : 0nryifthe target values are not found here, other a driver device in a semiconductor device during a test being 

settings will also be used; carried out before the regular operation ofthe semiconductor 

i^ofalI,ti»»*symn^ti^ 53 device, the driver device ofthe sentomductor device iw 

those settings at which pull-up and pull-down are ing each a pull-up circuit and a pull-down circuit, the method 

equally strong. Example: The pull-down setting 1 is comprising: 

activated, and then (via a voltage measurement at the joint activating both the pull-up circuit and the pull-down 

pad) the pertinent pull-up setting is detenmned. Subse- circuit; and 

quently, the pull-down setting 2 is activated, and (via a *o determining a first current flowing through the pull-up 

voltage measurement at die pad) the pertinent pull-up circuit or the puii-downebxuit, respectively, with jointly 

setting is searched, etc Si&sequentiy, that setting is activated pull-up and pull down drcuits during tite test 

selected amca^thosel 6 settings at wtaeii die total ctav carried cut befbrethe regular operation of tfreseMconv 

rem over pull-up and pull-down exactly arrresponds to ductor device; wherein the pull-uporr^-downcircuits, ' 

the desired (double) outrnrt impedance. 65 respectrvely. areccmujcted to a supply voltage pad or a 

The above-described driver setting selection methods ground connection, respective^ of the sea 

may--m a comesponding way— fce rjertbemed eg. for aH device, and the method fortner comprising: 
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Joint de-activating both the pull-up circuit and the pull- 8. The method according to claim 1, the method com oris- 

down circuit; and ing: 

determining a standby current flowing between the supply determining a total impedance of the pull* up and pull- 
voltage pad and the ground connection with jointly de- down circuits. 

activated puJJ-up and pull down circuits. s 9. The method according to claim 7, wherein, on the basis 

3. The method according to claim 2, wherein the pull-up or of a total impedance determined or the first current deter* 
pull-down circuits, respectively, are connected to a voltage mined, respectively, and a voltage dropping over the puli-up 
supply pad or a ground connection, respectively, of the semi- and/or pull-down circuit as determined, one of said settings is 
conductor device, and the method further comprising: selected that is to be used during regular operation of the 

joint activating both the pull-up circuit and the pull-down to device. 

circuit, and lO.Thenacttodacconiingtoclaim l t wherein the device is 

determining a total current flowing between the supply a driver device used for the driving of output signals during 

voltage pad and the ground connection with jointly acti- the regular operation of the semiconductor device during the 

vatcd pull-up and pull- down circuits. test carried out before the regular operation of the semicon- 

4. The method according to claim 5, further comprising is ductor device. 

determining the first current 11. The method according to claim 1, wherein the device is 

from the total current. a test device not used for the driving of output signals during 

5. The method according to claim 1, further comprising: the regular operation of the semiconductor device, the test 
determining a voltage dropping over the pull-up and/or device for selecting the driver setting for at least one other 

pull-down circuit, in particular with substantially sirnul- 20 semiconductor device during the test carried out before the 

taneousry activated pull-up and pulldown circuits, regular operation of the at least one other semiconductor 

6. The method according to claim 1. further comprisin g * device. 

determining a voltage dropping over the substantially 12. The method according to claim 11, wherein the test 

simultaneously activated pull-up and pull-down circuits . device is connected with a device provided on the semicon- 

7. The method according to claim 1, wherein one or several 25 ductor device itself; by means of which a voltage dropping 
of the method steps are performed several times in sequence, over the pull-up anoVor pull-down circuit is determined 
each with different settings of transistors contained in the 

pull-up or pull-down circuits, respectively. ***** 



